Supplemental Figure 3 . An overview of graphical interface of inGAP. The user friendly interface provides information of reads coverage of reference on either local or global scale. Detailed alignments are also shown for reviewing or editing by users.
Supplemental Figure 4 . Whole genome comparison of 8 mitochondrial sequences of woolly mammoth.
Sequence differences were collected by inGAP for building a phylogenetic tree (upper left panel), then each difference is assigned to a node by "latest common ancestor" rule. Multiple alignment of 8 reference sequences close to selected difference (with red frame) is displayed in the lower panel. 
Supplemental methods
As shown in figure 1, we use a three-step strategy for mapping and discovering SNPs, mapping of reads from Roche/454 or Illumina to a reference genome by pairwise aligner, assembling of mapped reads, and finally, investigating differences then evaluated by a Bayesian method.
Mapping of high-throughput reads
Reads from Illumina are mapped by BWA, a fast short reads aligner. SAM (Sequence Alignment/Map) format is introduced to save detailed sequence, quality and alignment informations. While reads from Roche/454 are much longer than that of Illumina and can be mapped either by BLASTN for high divergent mapping or by BLAT for close related mapping, these alignment results are also saved with SAM format but need fine adjusments in the assembly step.
When using BLAST/BLAT as a reads aligner, inGAP provides thresholds of minimum matching percentage of reads and matching identity to filter alignment outputs. The local alignments identify all highly conserved orthologousand repeated matches. For each paired-end read, inGAP maps both ends respectively then chooses the pair of matching with the most proper distance. A paired-end read with only one pair(end?) matched will be considered as a single-end read for further repeats checking.
Repetitive reads are removed if they have identical matches on different loci of the genome.
Reads assembly and difference detection
inGAP scans the pairwise mapping results of reads obtained in the first step, to collect all possible insertion and deletions. Alignments of reads overlaped with these indels need further fine adjustments.
It is relatively simple to adjust alignment results of BWA by considerring to add extra padded segment or not. Insertions and deletions are then reevaluated based on padded alignments, subsitutions are called after determination of indels.
Tabular format of BLAST/BLAT results do not provide detailed information for gaps. In order to bypassing this diffcualty, MUSCLE is applied to build multiple alignments for conveniencing reads assembly. The reference genome need to be divided into small segments first by sliding and overlapping windows with given size and step. Reads overlaped with a given window are collected and are sent to MUSCLE for further assembly. inGAP looks through each window to check the differences between reads and reference.
After that the informative subsitutions will be further evaluated by a Bayesian guided algorithms for SNP identification. An informative site can be homozygous, heterozygous or pseudo SNP depending on the coverage details and the quality of its supporting base pairs. In this step, the neighborhood quality standardis imported for quality control. All the penetrated informative differences must have good quality neighboring nucleotides on both sides.
SNPs evaluation by a Bayesian method
A Bayesian algorithm is introduced into inGAP for SNPs identification. It starts from a universal-like Bayesian formula (Marth, et al., 1999) but applied a coarse-graining prior/posterior probabilities. Each informative site is a column in multiple alignment results, which contains inconsistence with the reference. Given a column, which is covered by n reads on this site, let denotes "observed" n nucleotides of n reads while as the "estimated" nucleotides. Each can equal to or not, depends on if there is a sequencing error.
Each can be one of A, T, C and G so there is total possible permutations. The posterior probability of each is calculated as follows when observed sequence is given.
where the likelihood is calculated based on quality score of base,
, and ,
The prior probabilities are hard to estimate because they are various among different data sets. An easy way of calculation is counting from the current data set. We notice that each column could only contain four types of nucleotides (indels will be considered separately) so that all could be classified into four classes depending on the type number of appeared nucleotides in each .
We say if and and the same type number of nucleotides. So could be estimated by
where represents the probability of observing a column covered by k types of nucleotide along the mapping of reference and satisfies . In this paper, is counted from all informative sites obtained from results of multiple alignments and all which have the same type number k equally share the evaluated . Finally, solving the equation (1) by putting (2) and (3) yields (4) inGAP provides user an option if the input reads are from haploid or diploid strains. For a haploid strain, only the most frequently appeared nucleotide (at least 60% of total coverage) contributes to the consensus and all the rest nucleotide types are considered as sequencing errors. For a diploid strain, the second most frequent type is also taken into account and the informative site can be evaluated as a homozygous or heterozygous SNP depending on the type number, which has the higher posterior probability. Multiple adjacent indels will be merged to check possible copy number difference if they locate in tandem repeated regions. Tandem Repeats Finder (Benson, 1999) is integrated into inGAP to identify tandem repeats across the whole reference.
These estimated SNPs are then displayed the inGAP graphic editor for checking or collecting statistic information. Pseudo SNPs yields from wrong alignment of reads will be removed from the editor.
Comparing difference among multiple genomes
inGAP can compare multiple genomes and find out the differences between them. First, global alignment are applied to each pair of the genomes by the software MUMMER (Kurtz, et al., 2004) and all the differences between them are recorded. After that, regions along both sides of each difference are searched for homologous matches on all references and are evaluated again by multiple alignments to obtain "core set" SNPs involving all genomes. A maximum likelihood based method, named PHYML (Guindon, et al., 2003) , is used to reconstruct a phylogenetic tree for these references based on the "core set" SNPs. These SNPs are displayed by the inGAP editor for further evaluation. Each "core set" SNP is assigned to a node on the tree by the "latest common ancestor" rule.
Assisting genome assembly
There are a lot of genome assembly softwares available to assemble high-throughput reads into contigs. People usually design primers to fill in the gaps between adjacent contigs to finalize the assembling of the whole genome sequence. PGA is an efficient algorithm of assisting genome assembly by predicting orders of contigs. inGAP integrates PGA program and is able to automatically align contigs to reference genomes and to predict contig orders, then design primers with the program PRIMER3 (Rozen, et al., 2000) in the last step.
Implementation
inGAP is implemented in Java and integrates some sequence alignment tools. 
Variant calling and comparison among multiple genomes
In inGAP, we also provided some other functions, including SNP detection from multiple genome comparisons, and contig assem-bly. Intraspecific polymorphism among multiple genomes may help us link the genetic variation to their phenotypic effect. inGAP can identify strain-specific polymorphisms and also the phyloge-netic distribution of these genetic variations among multiple ge-nomes. As and M25 shared more polymorphisms and were clustered together on the phylogeny, which well consist with previous study that M21 and M25 form a separate clade of woolly mammoth (Gilbert, et al., 2008) .
Comparative genome assembly
Several de novo assembly tools have been recently reported to assemble dozens, even thousands of contigs from short reads (Butler, et al., 2008; Hernandez, et al., 2008; Warren, et al., 2007; Zerbino, et al., 2008) . After initial assembly from reads to contigs has occurred, traditional sequencing approaches usually use linking information from paired-end reads of large-insert ge-nomic libraries to create supercontigs. In the absence of libraries, however, sequences of related organisms can also provide scaf-folding information. We have proposed a new pheromone trail based genetic algorithm (PGA) to layout contigs . PGA method can distinguish the optimal connection for each contig from mis-connections with global search heuristics. This method is proved successfully by real incomplete genome data sets produced by Sanger DNA sequencing and pyrosequenc-ing. Here we incorporate this method into the inGAP package. Users can now easily order and orientate contigs, interactively visualize the comparison between contigs and their matches on reference genomes, and also design primers for subsequent gap closing (Supplemental Figure 4 ).
